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GROUND-WATER FLOW BENEATH LEVEE 35A FROM

CONSERVATION AREA 2B, BROWARD COUNTY, FLORIDA
By Lea J. Swayze

ABSTRACT

Conservation Area 2B is an area of recharge for the surficial aquifer
system in Broward County. Water stored in the censervation area provides
the hydraulic potential for downward flow to the high permeability zone of
the Biscayne aquifer. A 5.64-foot head differential (average for the period
of record) between water levels in Conservatlon Area 2B and water levels 1in
the adjacent levee 35A borrow canal causes water to leak into the capal at
an average rate of about 2.2 x 10°9 cubic feet per second per lineal faot of
canal and accounts for a loss of 0.013 foot per day of eurface water from
Conservation Area 2B. Amounts of canal leakage and underflow are constantly
changing and are dependent upon the head differential between Conservation
Area 2B and the levee 35A borrow canal.

INTRODUCTION

Water-conservation areas within The Everglades in south Florida (fig. 1)
are designed to store excess water during wet periods and release water dur-
ing dry periods to provide supplemental water to the coastal areas, thereby
retarding saltwater intrusion. The levees, which surround the water-
conservation areas, prevent the overland flow of floodwater from The Ever-
glades to the urbanized coastal areas. Excess water, which is impounded In
the conservation areas for future use, becomes available for water management
as direct release through control structures into canals or as uncontrolled
seepage under leveas into canals, which helps mailncain water levels along the
coastal areas during the dry season.

An important factor in determining which water-management practice to
implement in southeast Florida is the hydraulic connection between surface
water and ground water in the water-conservation areas and the ground water
and canals adjacent to the conservation areas. Ponded water and shallow
ground water in Conservation Areas 2a, 2B, 3A, and 3B (fig. 1) of the South
Florida Water Management District constitute sources of recharge to the
surficial aquifer system of southeast Florida during prolonged dry seasons.
These sources of recharge will become increasingly important as water-use
demands of the southeast coastal urban areas continue to expand. These urban
areas withdraw nearly all theilr potable water from the Biscayne aquifer.
Releage of surface water to the coastal areas by way of the primary canal
system during the dry seasom is generally adequate for water-supply replenish-
ment and to retard saltwater intrusion,

The intent of this investigation was to collect and analyze data to
determine hydraulic gradients and rates of seepage betwean conservation areas
and perimeter canals. Four sites were selected for collection and evaluation
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of data. The =ites, from north to south, include levee 35A (site 1), levee 33
(site 2), levee 30 (site 3), and levea 20 (site 4) and are shown in figure 1,
Multiple-depth wells were installed perpendicular to the levees. Water levels
and flow measurements were made periodically from 1982 to 1984 to cover a wide
range of hydraulic conditions created by seasonal variations in rainfall and
water-management practlces, Although four slites were established and data
collection was attempted at all four, only site 1 yielded data from which
seepage could be determined.

Purpose and Scope

The purpose of this report is te deseribe loss of water from Conserva-
tion Area 2B through ground-water flow. Head differentials between the area
and the adjacent canal parallel to lavee 35A are examined, ground-water flow
patterns delineated, and a water budget described.

Previous Investigations

Klein and Sherwood (1961) calculated a seepage value of 540 (ft¥/s)/mi
length of levee 30 (L-30) when the head difference acrosgs the levas 1s
10 feet. Meyer (1971) calculated seepage values of 0.1 to 0.9 (ft3/s)/mi
length of levee per foot of head along the southern shore of Lake Okeechobee.
Leach and others (1972, p. 45-52) calculated a gross estimated eastward seep-
age of 180 ft3/s, or 8 (ft3/s)/mi from Conservation Area 2 through levee 35
(L-35).

The U.S. Army Gorps of Engineers (1952, p. 10} calculated a vertical
hydraulic conductivity value of 1 x 10 4 ft/s for the top 3 feet of rock,
underlying 2 to 4 feet of marly sawgrass peat at a levee test site on the
northeastern corner of State Road 41 (Tamismi Trail) and State Road 27 (Krome
Averme). At that site, very 1ittle head loss occurred through the peat, In-
dicating a high vertiecal hydraulic conductivity. Test results by the U.s.
Army Corps of Engineers imdicate that virtually no seepage OCCULS through
a properly constructed levee. All seepage is by vertical flow through the
surficlal peat covaring the botton of tha conservation areas and gradually
changing to horizontal flow in deeper geologic layers of higher permeablility.

Methods

Although four zites were chosen, levee 35A (L-354), levee 33 (L-33),
leves 30 (L-30), and levea 29 (L-29), only the L-35A aite yielded data which
could be analyzed for seepage. The main problem at the remaining three sites
was the inability to measure the extremely low velocities in the perimeter
canals. Low-velocity measurement technlques, such as the "float-stick”
method, were attempted with no reproducible regults; dye-tracer techmiques
were considered but eliminated because of dispersion problems. Low valocities
in these canals were meinly caused by the large cross-sectlonal areas of the
canals intercepting small quantitles of ground-water seepiage.



Site 1 was selacted along a reach of the L-35A borrow canal for exploi-
atory drilling and hydraulic testing. Multiple-depth wells were drilled
along a line (Z-Z'} perpendicular te L-35A and the canal as shown in figure 2.
Geologlic materials composing the Biscayne aquifer were collected and described,
and the hydrolegic and hydraulic properties of the aquifer and canals were
defined (table 1).

Recording gages were installed to obtain continuous records of surface-
water levels In the canal and the conservation area. Water levels in the
wells were periodically measured during high- and low-water conditions to
determine the head distribution in the surficial aquifer and the relation
between surface-water and pround-water levels in the area.

Measurements of low flow, using the float stick method of measuremant
(W.A.J, Pitt, U.5. Geologlical Survey, written commun., 1969), were made in
the L-35A borrow canal, about 1 mile upstream (southwest) and 1 mile down-
stream (northeast) of the line of wells (Z-2'). SBurface water flowing into
the L-33A canal through the culvert from the secondary dralnage canal was
measured with a Price! aA velocity meter. The leakage of ground water into
the L-35A canal was then determined by adding the measured upstream flow
to the gecondary canal flow and subtracting this total from the measured
dowvnstream flow value. Theoretically, seepage should vary in proportion
to the water-table gradients or the head difference between the L-35A borrow
canal and Conservation Area 2B,

GEOHYDROLOGY

The Biscayne aquifer, the most permeable part of the surficial aquifer
system, is the sole source of fresh ground water in Broward County, It is
chiefly composed of limestone, sandstone, and sand of marine origin, ranging
in age from (oldest ta youngest) Pliocena to Plelgtocene. The aquifer
generally is greater than 200 feet thick along the coast in Broward County
{Sherwood and others, 1973). The thickness of the limestone sections and the
permeability of the aquifer as a unit generally decrease to the north. The
Biscayne aquifer also thins westward to about 70 feet in central Broward
County and wedges out at land surface near the Collier-Broward County line.
Most of the limestone beds in the Biscayne aquifer are capable of yielding
large amounts of water to wells. Wells that tap the thick limestone in the
deeper zones (depth of 100 feet or gEreater) near tha coast commonly yield more
than 1,000 gal/min. Most of the municipalities obtain water from this deep
zone of the aquifer. Underlying the Biscayne aquifer is a 200-foot thick
gection of marl and clay of the Miocene Hawthorn Formation (Parker and others,
1955).

The surficial aquifer system at site 1 can be divided into five diatinct
layers based on lithology and hydraulie characteristics. a generalized 1ith-
ologic section (fig. 3) was prepared using data (table 1) from a test well and
drill cuttings from water-level observation wells drilled at site 1. The
characteristics are as follows:

L0 of the bBrond nama in this rapert ia for identification purposss only and doee not ponstituts
endoragment by the U.5, Gaclogical Survey,
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Tsble 1_--Lithologic jog of a geplogic teet wall ot site 1

Depth
[€1:1:1-9] peacriptjan
0-2 Organic detritus (peat), dark-brown Lo black.
2-5 8and, light-ollve hrown (5 Y 5/6); quacrtzoee, fina grainad, subangular Lo subraunded (claylike
conkietency. }
5-7 Sandstone, very pele orange (10 YR 4/2); tounded sand grains coated and moderately cemented with
caleium carbonate: aboub 10 parcent shall fragmenta with partial recrystallization to caloitbe.
7-10 Sandatone as sbove: containa abkoub 50 pereent shall fragmenta.
10-13 Sandstone as inm 5 to 7 fast; well cemented,
13-16 Eandstone as ohove: akbout 10 percenkt shell fragmente.
16-18 Sandatone as abaova.
19-22 Sandatons as abova; moderately cemented with thinm layer of high magneslum carbonabte.
22-20 Zand, whita (N 9); guartzess, madium gealnaed, moderataly well sorted, subsngular to =ubrounded;
about 3 parcent phosphorite.
26-29 Send, vyellowish-gray (3 ¥ B/1); quartzode, fine grainsd, moder=tely well eorted, subangular Lo
pubrounded: abouk 10 percent molluscen fragmenta.
29-32 Sand as abovae; sbout 5 parcent small shell frmgmeuts; aboub 1 parcent phosphorite.
32-28 Sand as abovae; thim layer of sandstome; well cmmentad with caloium carbonate.
35-239 Send as in 20 to 32 faet.
39-42 sand ae abpve with sendatons medules.
42-4B6 Eand am in 32 ta 36 feet,
4E6—49 Zandatone, vellowish=gray (3 ¥ B/1); wall cemenbted with calclum cerbonata containing aboub
50 percent molluscan fosail; oavitiss filled wikh sand as in 26 ta 22 feeb; abaubk 1 parcent
phesphoribe,
4B-52 Sandastone ms above.
52-58 Sandy limestena, yellowish-gray (3 Y 8/1) aa in 46 to 49 fusk; inereaslng cemtent of molluscen
gkhall fragments: somé alteration to cmleite; cavity riddlad; some loosne sand.
%6-58 Sandatona, ysllowlsh-gray (3 Y 8/1); well cemented Wwith caleium cechonate; about 10 parcent
molluecan fragments: sbout 1 percent phosphorite; savity riddled; thin seckion on fila.
59-62 Limey sandstoma, very pale crange (10 YR 8/2); well cemented with calcium carbohate; many mol-
luncal cashts; #econdary poroaibty dus to diesolution of original melluacan matarials, ceviby
riddled; about 1 percent pheaphorite.
B2-66 Limey ssndatone as abova: gxbremaly permesble; 3Aome caleite.
E6-88 Limay sepdatona as shave; some sand-filling cavitlea.
B9-72 Limestone (ealcite), very palw orange (10 YR 8f47; foesiliferous ticrite; about 1 percent
sparits; sxtremely parmeable due to cavities,
72-76 Limestone {calcite) aa abave.
78-74 Limestone (calcite) aa abova; about 10 percaent gparits.
79-82 Limestone (calcite) as abovam; large melluscan fossils complataly replaced by sparry calcita.
82-8BB Limestena {calcite) ap above.
fg-8g Limestonw (calcite) as above.
B8-82 Sandstomws, very light gray (N 6); ahout 5 percent mellugcan shell fragments; sbout 1 percent
phospherita; caviby riddled, some sandfilling cavities; axtremaly permeable.
a2-98 oandstons 48 ebove; sbout 25 parcent molluscan shell fragments; BSoma SPALXYy calcite.
96-98 Sandatona as abavae.

898-102 Sandskone, light-gray (N 7); ghout 50 percant shell haeh: mbout 1 parcent phasphorite; very
lopssly cementad,

102-108 Sandstoue as abova.

106-108 eandstone a8 above; leda cementatiom; mchinoderm plates end spines, corala, and forams.

1o08-112 Sandatone as shove; very little cementation; about 10 percent phosphorite.

112-116 Sandatona as above.

116-119 Sand, light-gray (N 7): quartzose; no cemenketion.

118-122 Band as ahove.

122-1286 Eomd, yellowlsh-gray (5 Y 7/2}; quartzosa, fine grained, angular; grains ara huld together with a
claylike consieztency with particlas of calecite,

12E-129 Sand me above,

128-132 send ap abhava.

132-1368 Sand as abava.

136-1349 Sand aa above.

139-142 Sandy ¢lay, graylsh-yellow-green (5 GY 7/%) as abova; more claylika.




Layer 1 (0 to 5 feet): About 3 feet of organic detritus (peat), composed
of decayed sawprass and other varieties of Everglades plant life, overlying
about 2 fest of sandy marl. This layer acts as a semiconfining layer hin-
dering the vertical flow of surface water in the conservation area inte the
ground-water system.

Layer 2a (5 to 22 feet): about 17 feer of & moderately cemented sandstone,
interspersad with as much as 50 percent shell frapgments.

Layer 2B (22 to 32 feet): About 10 feet of a medium-grained, moderately well
sorted gand.

Layers 24 and 2B are geologically dissimilar, but hydraulically they act as
one continuous layer, as indicated by the equal distance geparating contour
lines (fig. 4). These layers are the main conductive paths for flow of
ground water into the L-35A borrow canal.

Layer 3 (32 to 52 feet).--About 20 feet of fine-pgrained sand with stringers
of well cemented sandstone of low permeability. This layer acts as a
semiconfining layer to vercical ground-water flow into or out of layer 4.

Layer 4 (52 tg 122 feet).--About 70 feet of sandstone and limestone (calcite),
poorly cemented to well cemented and cavity riddled. This layer is highly
permeable and 1= the main conductive path for ground-water flow in the
regional ground-water 8ystem.

Layer 5 (122 - 7 feet).--Sandy silts and clays. This layer acts as the lower
confining layer of the surficial aquifer system.

ANALYSIS OF GROUND-WATER FLOW

Cross-sectional ground-water flow was analyzed by plotting field measure-
ments of ground-water levels and contouring lines of equal potential (fig. 4).
Flow directions are determined by drawing lines perpendicular te the equi-
botential lines. Ground water flows along these lines in theé direction of
decreasing potential. The driving force for ground-water flow at the study
area 1s the potential created by the storage of water in Conservation Area 2B
(& high potential) and the drainage of water east of the levee by the L-35a
borrow canal (an area of lower potential). Several flowlines, A through G
(fig. 4), illustrate the various paths of ground-water flow in the study area,

Flowline A is the most direct path water can flew to reach tha canal
from the conservation area. Surface water, naar the levee, moves vertically
through surficial layers of peat and sandy marls (layer 1) into layer 2 where
it then moves horizentally toward and into the canal, West of the laves,
the vertical gradients begin to take effect in layer 2. Surface water moving
through surficial peat layers takes longer and deeper flowlines (B and G)
before moving upward intoe the canal. a4t distances of about 1,000 feet or
greater from the canal, recharging water from the congervation area moves
down Into the zome of high permeability (layer 4). This high permeability
zone 1= the primary conducting layer of the regional ground-water flow system.




Drainage of water east of L-35A through the L-35A borrow canal creates a
hydraulic stress across the semiconfining layer at the 32- to 46-foot Interval
(layer 3). This stress induces an upward leakage of ground water from the
high permeability zone (layer 4) through the semiconfining layer. The effect
of the semiconfining layer on ground-water flow 1s exemplified by the very
close equipotential lines along flowline D beneath the canal and at point x on
flowline E. This water then continues its upward flow through the low perme-
able sands of layer 3 and into the canal. Another effect of this upward leak-
age is the loss of water from layer &, creating a flattening of the horizontal
hydraulic gradients. Although there is an upward loss of some water out of
layer 4, water is still available to underflow the canal (flowline F). This
regional flow of ground water is then available for: (1) recharge of down-
gradient areas of ground-water withdrawal, such as well fields; (2) upward
leakage to replace ground water in drained areas; or (3) ground-water dis-
charge to the ocean. Flowline G represents a miner amount of ground water
which flows westward into the L-35A borrow canal.

SEEPAGE ANALYSIS OF LEVEE 35A BORROW CANAL

The L-35A borrow canal intercepts part of the pround water which leaks
under L-35A from Conservation Area 2B. It also serves as a main dralnage
canal for developed areas east of the canal. Water is drained, from housing
developments to the east, into the L-35A borrow canal by a network of second-
ary canals. It is then diverted to the Atlantic Ocean by way of the Middle
River Canal (-13) through structure 5-36 (see fig. 1).

Structure 5-36 is equipped with tidally contrclled gates which open and
close automatically, depending upon the differences in surface-water eleva-
tions upstream and downstream of the gates. Because the downstream side of
the structure is tidal, a tide cycle is generated in the Middle River Canal
due to the opening and closing of the gates. This periedic effect (fig. 3)
can be observed in the data collected at the L-33A borrow canal surface-water
recorder site (fig. 2). Surface-water levels in the canal ranged from &.67
to 10.47 feet datum? during the study period, indicating the controlled
nature of the canal. Pool level in Conservation Area 2B ranged from 9.1 to
16.12 feet datum, which represents a more natural water system having more
prenounced seasonal changes of water levels. A relation hetween the pool
level in Comservation Area ?B and the water level in the L-35A borrow canal
could not be established because of the extreme regulation of the canal.

Data collected from June 30, 1982, through November 4, 1983, at the L-33A
study area are presented in table 2. A plot of the head differentlial between
Conservation Area ?B and the measured ground-water inflow inte the canal (in
cubic feet per second) 1= shown in figure 6. According to the Darcy equation
of ground-water flow, q = K (dh/dl), discharge (q) is directly proportional te
the hydraulic gradient (dh/dl). A plot of the head differential, the gradient
between Conservation Area 2B and the L-35A borrow canal in relation to the
ground-water inflow (Q) inte the canal, should yield a straight line inter-
secting the point 0,0, Intersection of the line and the y-axis at a point

Zarbitrary 10.00 foot datwm sat at top of culvert (fig. 2).
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Table 2.--Water-level and flow data collected at levee 354,
June 30, 1982, through November 4, 1983

Stage, in feet, Head Flow, Cublc feet per
Date of arbitrary datum differ- in cubic second per foot
measure-  Conservatlon  Levee 35A ential, feet per of canmal per
ment Area 2B borrow canal in feet second? foot of head
6/30/82 14,33 8.91 5.42 18.54 3.24 x 1074
1/27/82 14.65 9. 87 .78 17.80 3.52 x 1074
8/12/82 14,55 B.64 5.91 13.92 2.23 x 1071
9/8/82 14,73 9.22 5.51 15.31 2.63 x 1071
9/27/82 14.92 9.02 5.90 2 310.44 4.88 x 1074
12,/21/82 14.71 8.78 5.93 320 .44 3.26 » 10 ¢4
1/19/83 14.25 8.82 5.43 324,88 4.34 % 1074
2/9/83 14.43 9.64 4.79 21.49 4.24 x 10 ¢
3/24/83 15.88 9.50 6.28 49 .33 7.32 x 10 ¢
5/24/83 15.13 9.30 5.83 20.05 3.25 = 1074
6/15/83 15.28 9.36 5.92 16,22 2.59 x 10 ¢
11/4/83 15.15 9.32 5.83 32.46 5.27 x 10° ¢
Average 7 21,40  3.90 x 1074

lThis is the amount of ground watar seeping into the measured 2-mila raeach of cenal.

2?Normal flaw dirmchion is northeast and caverse flow im aouthwast; this occure when shructure 5-124

is opened (fig. 7).

SReverse flow.
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other than (0,0) would indicate other sources (y value Is negative) or losses
(¥ value 1s positive) of water to the measured section of the canal. A posi-
tive head differential indicates leakage of ground water inte the canal, =zaroc
head differentfal indicates no leakage, and a negative head differential
indicates leakage out of the canal. The slope of this line is proportional
to the hydraulic conductivity; that Is, the flatter the line, the higher the
aquifer hydraulie conductivity. As shown in figure &, considerable scarter
in the data is apparent as lower values of ground-water inflow were measured.
This scatter or lack of direct relation may be due to the following factors:

+ Average surface-water veloclities In the L-35A borrow canal were on the
order of 0.1 ft/s. With low velocity, a preater possibility for measure-
ment eryotr exists because of wind and wave action on the fleat stick.
Efforts ware made to minimize these problems. A fleat-stick measurement
was attempted when the head differential was about 3 feet. Velocitlies
were on the order of 0.04 ft/s, and large differences were observed in
trying to-duplicate measurements. ‘

*» Because of the cyclical nature of surface-water levels in the canal, the
surficial aquifer system was Iin a constant state of flux; that is,
steady-state conditions necessary for Darcy's law to be valid were never
met, Also, bank and canal storape probably add considerable scatter to
the data sert,

Although the line Intersects the y-axis at y = 4.8, fileld observations
indicated no other losses of water were occurring in the measured saction.
Because data interpretation did not provide a strong linear relatlon, an
average leakage wvalue of 3.9 x 10 * (ft3/8)/f./f, (cuble feet per second per
foot of canal per foot of head) was calculated ab an average head differential
of 5.64 feet (table 2) to yield an average leakapge of 2.2 x 10 ? (ft¥/a)/f
(cubic feet per second per foot of canal) and was used for water budget caE-
culations in the following section.

GROUND-WATER FLOW LOSSES - WATER BUDGET

A water budget attempts to quantify sources and sinks of water for a
definad region. A water budget for Conservation Area 2B was prepared (fig. 7)
in order to caleulate the approximate leakage of surface water out of Conser-
vation Area 2B into the high transmissive zone (layer 4) of the surficial
aquifer (fig. 4). The water budget was calculated using hydrologic conditions
which occurred prior to March 10, 1984, This date was chosen so that rainfall
could be omitted from the water budget calculation. No appreciable amount
of rainfall occurred for about 2 months prier to these data. The following
section is a description of the sources and sinks of water to Conservation
Area 2B and their volumetric rates per unit area.
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Sources

Water 1is input into Conservation Area 2B through four possible mechanisms
as follows:

= Burface watar is released from Conservation Area 2A into Gonservation Area
2B through structures 5-144, 5-145, and $-1l46 (fig. 7). Flow through
these structures was about 120 fi3/s (J. Vearil, U.5. Army Corps of
Engineers, oral commun., 1987). Based on an approximate total area
of 44 mi? for Conservation Area 2B, the contribution of surface water
from Conservation Area 2A is equivalent to a rise in stage of about
8.5 x 10 3 feyd,

* Because of differences in surface-water levels between Conservation Areas
24 and 2B, ground water flows under levee 35B (L-35B) and seeps up into
Conservation Area 2B. This value was not measurable; however, if an
average leakage value of 3.9 x 10 4 (ftafs)/f /£y, as measured in the
L-33A bhorrow canal, 1s applied to 10.5 miles Df perimeter canal along
L-35B, the wvolume of seepage under L-35B into Conservation Area 2B can
be calculated as follows:

(3.9 x 1074 (ft”fs)/f ) (86,400 seconds per day)

E ¥oot of head) (10.5 mi) (5,280 ft/mi) = 279,936 fe3/d.

Based on an approximate total area of 44 mi? for Conservation Area 2B,
the contribution of seepage from Conservation Area 2A would account for
a rise in stage of about 2.3 x 10 ¢ ft/d. This value can be considered
negligible for the water budget calculations.

+ L-35B 1ig located at the approximate western houndary of the Biscayne aqui-
fer Iin an area where the high transmissivity zone (Biscayne aquifer),
recognized in the lithologle section in figure 3, probably is not present
(J.E. Fish, U.5. Geological Survey, oral commun., 1985). On a reglonal
flow basis, the amount of ground water flowing under L-35B into the high
transmissivity zone beneath Conservatlion Area 2B probably is minimal.

+ Rainfall is a major source of recharge in south Florida. Because rainfall
intensity 1s areally inconsistent, measuring its total influence over
a 44-mi? area would be approximate. To alleviate this problem, a time
pexiod near the end of the dry season was chosen when no rainfall had
occurted for several weeks.

Sinks or Water Losses

Water losseg from Conservation Area 2B can be attributed to four
mechanisms--evapotranspiration (ET), leakage into the perimeter camnals,
surface-water outflow, and downward leakage Inte the regional ground-water
flow system. They atre described as follows:

= An ET rate of 0.012 ft/d was obtalned from data collected at surface-water

gaglng station P-33 in Everglades National Park during October 1966
(Kolipinski and others, 1967), Water levels and vepetative growth there

17
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are similar to Conservation Area ZB. The observed ET rate was measured
during October, and calculations for this study were based on March data.
However, graphs of mean monthly values of pan evaporation and ET for
south Florida (Stewart and Mills, 1967} indicate that ET rates for these
mecniths can be consldered equal.

+ A value of leakage into the perimeter canals borxrdering L-234 was obtained
from flow-measurement data (table 2). An average value of 3.9 x 10 ¢4
(ft3/s)/fcij was applied to 15.6 miles of perimeter canals along L-35,
L-35A, levee 36 (L-16), and levee 33E (L-38E) with a head differential
of 5.64 feet (table 2, average for dry season). Total leakage into
these canals amountad to 15,700,000 ft3/d, or a 0,013-ft/d decline of
water level over the total area of 44 mi? for Conservation Area 2B.

« MNo surface-water outflow can occuxr from Conservation Area 2B.

* Downward leakage of surface water into the regional ground-water flow
system was not directly measurable; however, it can be calculated from
the water-balance equation, using the above data for sources and sinks,
if the rate of recesslon of surface water In Conservatlion Area 2B is

known.

Evaluation of Water Budget

A receggion rate of 0.03 ft/d was recorded (fig. 8) durinpg February and
the first 2 weeks of March 1984, a time pericd of no rainfall. The rate of
recesslon in Conservation Area 2B is equal to the sources of water minus the
sinks of water. Because the recession rate 1s known and all sources and
sinks, except for underflow, have been measured, the underflow (downward
leakage into the regional ground-water flow system) was calculated from the
following equation:

SOURCES - SINKS = RATE OF RECESSION (RR) ()
or
(SURFACE WATER IN + SEEPAGE IN + REGIONAL UNDERFLOW IN

+ RAINFALL) - [(ET + SEEFAGE INTO PERIMETER CANALS) {3
+ REGIONAL UNDERFLOW OUT + SURFACE WATER OUT] — RR.

Rearranging equation 3 yields:
SOURCES - SINKE - BR = REGIONAL UNDERFLOW OUT.

Subhstituting values, az described in the previous section, into equation 3
yields:

(0.0084 fr/d + 0.00023 fr/d + 0 fr/d

+ 0 fr/d) - [(0.012 ft/d + 0,013 ft/d)
+ 0.03 ft/d + 0 fr/d] =- REGIONAL UNDERFLOW OUT

or

REGIONAL UNDERFLOW QUT = 0.046 fr/d or about 56 = 10% ftr?/4.
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Because regional flow entering the system is considered negligible, down-
ward leakage of surface water is the initial recharge for the beginning of re-
gional flow in the high transmissivity zone. All other known losses of water
have been accounted for, thus, this downward leakape can be considered the
approximate amount of water available te recharge the regicnal flow system
or the approximate amount of water flowing under the levee sysgtem in the high
transmissivity zone.

GROUND-WATER FLOW LOSSES - DAERCY'S LAW

Another method of determining the regional flow in the high transmis-
slvity zone 1s use of Darcy's law:

Q = KIA

where Q 1s discharge, In cubic feet per day;
K is hydraulie conductivity, in feet per day;
I 15 hydraulic gradient, in feet per foot; and
A Is area through which the discharge ls occurring, In square feet.

Hydraulic conductivities near the study area were estimated by specific-
capaclty tests, Values measured were about 24,000 ft/d (J.E. Fish, U.5,
Geological Survey, oral commun., 1985). Hydraulic gradients along the
principal axis of the reglonal ground-water flow were determined from fleld
measurements of hydraulic heads. The gradient between wells F-80 and G-80
(figs. 2 and 4) was about 2 x 10 ¢ ft/ft. The area through which the dis-
charge 1s occurring was obtained through analysis of lithologlc logs of
various wells in the area. An average thlckness of 40 feet was applied to
82,368 feet of levee to yield a flow area of about 3,300,000 ft2. Substi-
tution of these values inte Darcy's equation, Q = KIA, yields:

Q = (24,000 ft/d) « (2 x 10 % fr/ft) « (3,300,000 fc2)
or approximately
Q =16 x 109 £t3/d.

The quantity of discharge as calculated using Darcy's law, (16 = 108 ft?/d)
is about 3.5 times less than the discharge calculated using the water budget
method (56 x 10% ft3/d), Although there iz a reasonable comparison between
caleculated values of discharge, each method has 1ts errors. Darey's law is
very site specific and does not consider the variability in hydraulic conduec-
tivities, potentiometric gradients, and aquifer thickmesses whilch oceur over
the study area, The watet budget method yields the total amount of water
avallable to recharge the regional ground-water system but doesa not consider
the upward leakape of water east of the canal where the Darcy equation was
applied. Because upward leakage has not been applied in the water budget
method, it should give an erroneously high number as compared to the Darcy
method. For these reasons, the two values, 16 x 10% ft?/d and 56 x 10% fti/d,
have been averaged to yield a final value of 36 x 10% ft3%/d.
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CONCLUSIONS

Conservation Area ?B is an area of recharge for the surficial aguifer
system in Broward County. Water stored In the conservation area provides
the hydraulic potential for downward flow to the high permeability zone of
the aquifer. Rates of seepage could not be related to hydraulic ground-water
gradients as a result of the inaccuracy of measuring low surface-water flows
in canals. A 5.64-foot head differentlal (average for the peried of recerd)
between water levels in Conservation Area 2B and water levels in the adjacent
L-35A borrow canal causes water to leak into the canal at amn average rate of
about 2.2 x 10 * (ft%*/s)/f,. and accounts for a loss of 0.013 fr/d of surface
water from Conservation Aréa 2B. The amount of ground-water flow is highly
variable and 1s dependent upon seasonal changes of water levels in Conserva-
tion Area 2B.

Two methods were used to calculate the quancity of surface water in
Conservation Area 2B flowing under the levee and entering the reglonal pground-
water flow system. The first method was a water budget approach; the second
was the application of Darcy’s law to hydroleglic variables measured in the
field. These methods yielded comparable results of the same order of magni-
tude, 56 x 10% ft3/d and 16 x 10% ft¥/d, respectively. An average value of
36 x 10% ft%/d was determined to be representative of the system. Amounts
of canal leakage and underflow are constantly changing and are dependent upon
head differential between Conservation Area 2B and the L-35A borrow canal.
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